. Cerium oxide nanoparticles: influence of the high-Z component revealed on radioresistant 9L cell survival under X-ray irradiation. Nanomedicine, 9 (7), 1098-1105.
A counterbalance exists between radioprotection and enhancement for CeO 2 NPs. The influence of this high-Z property is revealed on radioresistant 9L cells, where greater radioprotection was achieved using 10 MV photons in comparison to that achieved when using 150 kVp X-rays. At lower energies, high-LET Auger electron cascades create clustered, indirect and dominant direct damages and free radicals that are scavenged by CeO 2 or recombine resulting in formation of H 2 O. Conversely, at higher energies, low-LET secondary electrons create dominantly free radicals that both: are scavenged by CeO 2 NPs and can indirectly damage DNA. This unique mechanism should be considered throughout all nanoparticle based radiotherapy where high-Z nanoparticles such as CeO 2 are used. 
10
One novel nanoparticle currently under investigation for its ability to provide protection against 11 2 radiation induced damage is cerium oxide ( placed onto a quartz sample holder. The sample was presented to the monochromatic, copper Kα 104 X-ray beam (λ = 1.5406Å). The X-ray diffraction analysis was performed using an automated
105
GBC R eMMA X-ray Diffractometer (GBC, VIC, Australia) where the sample was scanned using data using Scherrer's equation (1).
K is the shape factor constant (K = 0.89), λ is the X-ray beam wavelength, β is the FWHM
112
(in radians) and θ B is the Bragg angle.
113

Transmission Electron Microscopy
114
Transmission electron microscopy (TEM) was performed using a JEOL 2011 high resolution
115
(HR) instrument, characterising the size and morphology of the sample. The samples were 116 prepared by dispersion of CeO 2 powders onto holey carbon support films.
117
Gas sorption analysis
118
The specific surface area of the powder samples was measured by the Brunauer-Emmett-
119
Teller (BET) method with a Nova 1000 high speed gas sorption analyser from Quantachrome, 120 using the adsorption of N 2 at the temperature of liquid nitrogen. Prior to measuring, the samples 121 were degassed at 120
• C for 2 h 30 min in vacuum. Efficiency (PE) is calculated as the ratio of viable colonies to cells seeded.
The Surviving Fraction (SF) was determined by comparing the PE at a given dose to the 159 control (i.e. no dose). The surviving fraction is given by:
where SF(D) and PE(D) is the surviving fraction and plating efficiency at dose D (Gy), 
Statistical analysis
167
Cell survival experiments were replicated once and measured in triplicate on each occasion.
168
The reported values are the mean of all experiments, with the experimental uncertainty given 169 as one standard deviation. The LQ model was fitted to cell survival data using KaleidaGraph 
The parameters α (Gy −1 ) and β (Gy −2 ) are measures of the radiosensitivity and repair 179 accumulation, respectively. The surviving fraction data was fitted to the LQ model using
180
KaleidaGraph software, extracting the α and β constants for each set of cell survival data.
181
Protection enhancement ratio
182
The Protection Enhancement Ratio (PER) is a value used to measure the degree of protection 183 achieved using CeO 2 NPs. The PER can be defined as the ratio of doses in the presence of CeO 2 184 to the control (i.e. no NP), as measured at the common endpoint of 10 % cell survival.
A PER value greater than 1 is indicative of radioprotection, whereas a PER value less than 1 186 reveals a sensitisation effect. This effect is manifested as a direct result of the presence of CeO 2
187
NPs.
188
Results
189
Phase and structural characterisation of cerium oxide
190
The biochemical effect of nanoparticles are dependent on their structural and physical char- following a 24 h incubation with CeO 2 NPs at a range of concentrations up to 500 µg/ml. We The gliosarcoma cell line, 9L, was exposed to CeO 2 NPs at a concentration of 50 µg/ml during 
278
The toxicity of CeO 2 NPs to 9L cells was tested to elucidate its clonogenic survival at concen-279 trations up to 500 µg/ml. We utilised mimetic experimental conditions to that used in radiation order to be less dependent of the X-ray field energy spectra (Figure 4, B) .
329
In conclusion we have demonstrated that the radioprotection (via free-radical scavenging) efficacy 330 of the CeO 2 nanoparticle depends on the spectra of X-ray radiation. Our hypothesis is that Table 1 Click here to download Table: Table 1 
